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Black Cutworm and Corn Production in Missouri: 
A Study of the Restricted Heptachlor Use Program!1 
J.C. Headley, L.M. English, R.H. Ward and A.J. Keaster~1 
One of the most serious pests of corn in Missouri is the black cutworm 
(!grot~~ ipsilon (Hufnagel)). This pest also attacks soybeans, grain sorghum 
and many other plants, however, it is most notorious as a corn pest. 
Synthetic organic chlorinated hydrocarbon insecticides were developed 
during the 1940's and 1950's. Among the chlorinated hydrocarbon compounds 
were aldrin, heptac.hlor and chlordane. When incorporated in the soil, all of 
these compounds provided control of cutworms as well as other soil insects such 
as corn rootworm and wireworms. All three compounds were widely used. 
As concern for environmental quality and safety of human health grew, 
chlorinated hydrocarbon insecticides were given special scrutiny. In 1976 
the registration of aldrin was cancelled by the U.S. Environmental Protec.tion 
Agency (EPA). In 1978 the registration of heptac.hlor and chlordane was sus-
pended and ultima.tely cancelled for most uses. 
However, special consideration was given to cutworm problems in corn and 
the EPA agreed to allow heptac.hlor to be used during the 1978, 1979 and 1980 
crop years under special conditions. The conditions were that a state must, 
through its Department of Agriculture and the U.S. Department of Agriculture, 
develop a program approved by the EPA. Farmers had to sign up to participate 
in the heptachlor program and then agree not to graze or remove forage from 
heptachlor treated fields for two years following application. 
Missouri was one of a few states with an approved restricted heptachlor use 
program. In 1978, 97 permits were issued for use of heptachlor to control 
cutworms in corn on 8,181 acres under the Missouri program. 
In 1981 corn farmers will not be allowed to use heptachlor for cutworm 
control unless they have material on hand and a permit. There will be a two 
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year grace period. Questions many farmers and agricultural advisers are asking 
is, "What will be the best cutworm control strategy without heptachlor?" "How 
do farmers' cropping patterns and practices minimize cutworm damage?" 
Scientists from the Departments of Entomology and Agricultural Economics 
engaged in a search for answers to these questions and to gather and analyze 
information that would characterize Missouri corn fields and decision making 
processes with regard to cutworm problems. Information was also solicited to 
gain a better conception of the nature and dimensions of the cutworm problem. 
The objectives of the research were as follows: 
1. To determine the magnitude and severity of the cutworm problem 
in Missouri. 
2. To develop a profile of economic and social characteristics of 
farmers who were concerned with varying levels of cutworm problems. 
3. To develop a profile of the fields of farmers with respect to 
certain agronomic factors and relate this profile to the degree of 
cutworm problems. 
4. To describe the control strategies used by farmers in response to 
cutworm infestations. 
5. To conduct a cost-benefit analysis of cutworm control in Missouri 
as a basis for selecting strategies and policies. 
DATA AND PROCEDURE 
A survey was prepared (Appendix 1) and administered toa sample of Missouri 
corn farmers during the fall and early winter of 1978. This sample of farmers 
consisted of three groups: 
1. Farmers who had agreed to participate in the 1978 Missouri 
Restricted Heptachlor Use Program 
2. Farmers selected from an earlier survey who were not parti-
cipants in the heptachlor program, but indicated that they 
had cutworm problems 
3. Farmers selected from an earlier survey who had indicated no 
problem with cutworms 
The farmers were interviewed personally at their farm and soil samples and 
weed cover estimates were taken from corn fields specified by the farmers. 
Aerial photos of each farm were also obtained to assess topography and perennial 
vegetation in or near fields with cutworm problems. Sixty farmers in Group 1 
were interviewed; 55 in Group 2, and 54 in Group 3, for a total of 169. Numbers 
of farms in each group by counties are shown in Figure 1. 
Fig. 1. Location of farms in Missouri Restricted Use Heptachlor Program Survey~ 1978 
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Data from the survey farms were organized to (1) provide a set of descrip-
tive statistics, (2) analyze relationships between variables hypothesized to 
influence cutworm infestations, and (3) develop estimates of the costs of 
cutworms for the sample farms as a measure of the benefits to be obtained from 
control. 
Characteristics of Sample Farmers 
Data from the sample farms and the 169 farmers were organized to describe 
the sample. These data were summarized first for the total sample and then for 
each of the three groups of farmers. The mean values for selected farmers and 
farm characteristics are found in Table 1. The survey obtained data on the farmer, 
farm size, cropping system, yields, cutworm damage, replanting of corn due to 
cutworm damage, chemicals applied to corn, plant population, fertilizer used, 
weeds and the farmer's financial debt situation. 
Table 1 shows results for all 169 farmers and then provides results for 
each of the three groups. Table 2 shows the tests of significance for the 
mean values in Table 1.1/ The heptachlor users and those non-users with problems 
were significantly younger than the non-users with no problems. Non-users with 
no cutworm problems had significantly fewer years of education than the other 
two groups and a smaller total farm size. 
All three groups contained farmers who rented land. However, the heptachlor 
users had the highest percentage of persons renting a portion of the land farmed 
and the non-users with no problems had the least. In the total group of farmers, 
only about 25 percent owned more than the average of 375 acres. Landlords 
were apparently involved to a considerable degree in some decisions. 
The heptachlor users farmed a much larger corn acreage than either of the 
non-user groups. While the 1977 corn yields of the heptachlor users were not 
significantly higher than for the non-users with problems (88.8 bu/acre versus 
78.8 bu/acre), the yields for the non-users with no problems were significantly 
lower than either of the other two groups. In 1978, corn yields for the hepta-
chlor users were higher than the two remaining groups, but there was no signifi-
cant difference between the non-users with problems and those without. Soybean, 
wheat and grain sorghum yields were not significantly different among the three 
groups. 
When asked about acres of land susceptible to cutworms, non-users with 
problems indicated significantly more upland acres susceptible than did the 
heptachlor users and about the same as for non-users with no problems. However, 
heptachlor users had more acres of bottom land that they believed to be suscep-
tible than either of the other two groups. Non-users with problems had more 
acres of bottomland believed to be susceptible than did the non-users with no 
problems. Therefore, these results support the conventional wisdom that low-
lying lands are more susceptible to cutworm activity than upland. 
l/Since the sample on which this report is based was not random, the tests of 
significance are only indicative of the magnitude of the difference in means rela-
tive to the standard error of the difference and are not measures of true statistical 
significance. 
Table No. 1 - Personal Profile of Group Participants in Missouri Restricted Heptachlor Use Program Survey 1978 
Variables Total SamE1e1 ~tach1or Users2 Non-Users/Problem Fields3 Non-Users/No Problem Fie1ds4 
n5 x + S.D. n x + S.D. n x + S.D. n x + S.D. 
Age of Operator 169 50.8 12.24 60 46.3 10.63 55 49.7 11.85 54 57.2 11.84 
/1 Years Farming 167 29.0 14.45 58 22.8 10.93 55 29.9 14.41 54 35.0 15.30 
Education Level 169 12.0 2.75 60 13.1 2.47 55 12.2 2.39 54 10.7 2.89 
Farm Size 168 597.9 608.19 60 731. 4 535 . 24 55 692.7 836.77 54 353.1 222.73 
~i11ab1e Acres 168 421.2 336.17 59 560.5 415.06 55 439.0 268.94 54 250.9 205.86 
Rented Acres 101 394.8 312.72 46 450.2 328.66 30 437.7 347.78 25 241.6 161. 77 
O\med Acres 148 374.9 308.69 50 463.4 416.51 49 377 .6 237.95 49 281.7 202.67 
Cropping System 
Corn planted 1978 (acres) 168 148.4 168.33 59 228.1 209.62 55 49.7 11. 85 54 68.7 81.94 
Corn yield 1977 (acres) 162 79.8 33.24 58 88.8 36.38 51 78.8 32.15 53 70.8 28.34 
Corn yield 1978 (acres) 167 99.2 18.95 59 105.3 20.57 54 93.7 14.06 54 98.1 19.79 
Soybeans planted 1978 (acres) 145 172.5 178.49 52 228.0 232.84 53 168.7 141. 74 40 105.4 105.85 
Soybean yield 1977 (bushels) 143 36.4 10.23 51 36.1 10.16 51 38.3 8.99 41 34.3 11.51 
Soybean yield 1978 (bushels) 144 33.3 8.20 52 34.6 7.19 52 32.8 7.67 40 32.4 9.95 
Grain Sorghum planted 1978 (acres) 31 64.3 77.92 13 58.5 47.49 9 73.1 55.33 9 63.8 127.20 
Grain Sorghum yield 1977 (bushels) 26 90.6 24.64 II 92.0 29.41 7 97.2 18.39 8 83.0 23.00 
Grain Sorghum yield 1978 (bushels) 22 97.0 25.27 8 108.0 23.80 7 87.9 22.15 7 93.4 28.47 
Wheat planted 1978 (acres) 66 58.6 74.96 22 82.6 llO.50 24 48.7 39.13 20 44.1 53.47 
Wheat yield 1977 (bushels) 70 43.5 14.20 23 42.9 14.35 25 48.2 12.46 22 38.8 14.82 
Wheat yield 1978 (bushels) 60 35.5 l3.07 18 40.9 12.77 24 35.1 12.73 18 30.2 12.23 
Hay grown 1978 (acres) ll9 157.3 136 . 04 34 162.3 154.85 42 151.8 ll8.47 43 158.7 139.31 
Hay yield 1977 (tons) 39 2.6 1.33 9 2.9 1. 96 14 2.7 1.27 16 2.4 0.96 
Hay yield 1978 (tons) 44 2.7 1.38 II 3.5 1. 75 14 2.4 1.45 19 2.4 0.90 
Acres Susceptible to Cutworms 
Upland acres 45 230.2 282 . 93 18 161.1 227.49 19 227.4 306 . 91 8 273.5 338.82 
Bottom acres 54 215.6 253.63 33 287.5 279.43 3 0.0 0.00 7 51. 9 42.20 
Table No. 1 Cant. 
Variables Total SamEle 1 HeEtach10r Users 2 Non-Users/Problem Fie1ds3 Non-Users/No Problem Fie1ds4 
n5 x + S.D. n x + S.D. n x + S.D. n x + S.D. 
Damaged Corn 
Damaged acres 1976 24 17.5 32.69 10 28.4 43.97 8 9.5 17.46 6 10.0 24.49 
Replanted acres 1976 10 3.0 7.89 7 4.3 9.32 3 0.0 0.00 0 
Estimated yield loss on acres 11 26.5 14.43 6 28.3 12.91 4 26.8 19.12 1 15.0 
not replanted 1976 
Estimated yield loss on acres 2 7.5 10.60 1 15.0 1 0.0 0 
replanted 1976 
Damaged acres 1977 45 56.4 86.08 22 93.4 108.72 16 25.4 31.54 7 10.7 22.07 
Replanted acres 1977 27 17.2 22.75 15 22.5 28.48 9 10.2 10.18 3 1l.7 12.58 
Estimated yield loss on acres 27 25.85 13.04 14 26.8 10.33 10 23.8 15.80 3 28.3 18.93 
not replanted 1977 
Estimated yield loss on acres 14 17.3 16.57 8 18.4 17.01 4 21.3 19.31 2 5.0 7.07 
replanted 1977 
Damaged acres 1978 84 62.2 86.88 31 58.1 87.12 44 75.1 92.16 9 12.9 22.17 
Replanted acres 1978 41 22.4 48.15 20 32.0 64.74 18 15.4 22.91 3 0.0 
Estimated yield loss on acres 70 27.5 22.82 26 24.2 23.44 39 28.8 20.10 5 34.0 39.59 
not replanted 1978 
Estimated yield loss on acres 22 14.0 14.87 13 15.5 17.48 8 13.1 10.33 1 0.0 
replanted 1978 
Desired stand on acres damaged 160 19261.3 2412.28 53 19658.5 2069.23 55 19354.5 2344.01 52 18757.7 2743.50 
1978 
Estimated stand reduction on acres 71 25.9 21. 74 24 25.6 21.18 38 27.7 18.24 9 18.8 35.14 
damaged but not replanted 1978 
Current non-real estate debt l39 28054.0 43963 . 16 45 40200.0 55317.92 49 36000.0 43515.80 45 7255.6 16504.35 
Current real estate debt l35 46292.6 96216.05 45 92000.0 146843.30 44 36590.9 51901. 21 46 10858.7 21080.97 
Current net worth 153 319346.4 272061. 87 51 367745.1 317013 .1l 50 340300 . 0 270851. 66 52 251730.8 210135.07 
1Mean of all participants. 
2Participants that applied heptachlor to obtain cutworm control 
3Participants that did not apply heptachlor and had cutworm problems on their farms. 
4Participants that did not apply heptachlor and had no cutworm problems. 
5Number of respondents. 
Table 2. Results of Tests of Statistical Significance of Difference 
Between Means of Farm Characteristics of Three Groups of 
Farmers Surveyed in Missouri Restricted Heptachlor Use 
Program Survey, 1978 
Variable Name HYEotheses 
Ho:l=2 Ho:l=3 Ho:2=3 
Farmer Age NR R R 
Farmer Education NR R R 
Farm Size NR R R 
Farmer's Years Farming R R NR 
Acres Owned NR R NR 
Acres Tillable R R R 
Acres Rented NR R R 
Acres Corn Planted 1978 R R R 
Corn Yield 1977 NR R NR 
Corn Yield 1978 R R NR 
Acres Soybeans Planted 1978 NR R NR 
Soybean Yield 1977 NR NR NR 
Soybean Yield 1978 NR NR NR 
Acres Milo Planted 1978 NR NR NR 
Milo Yield 1977 NR NR NR 
Milo Yield 1978 R R R 
Acres Wheat Planted 1978 NR NR NR 
Wheat Yield 1977 NR NR NR 
Wheat Yield 1978 NR NR NR 
Acres Hay Grown 1978 NR NR NR 
Hay Tons Harvested 1977 NR NR NR 
Hay Tons Harvested 1978 NR NR NR 
(cont'd.) 
Variable Name H :1=2 H :1=3 H :2=3 
0 0 0 
Susceptible Upland Acres R R NR 
Susceptible Bottomland Acres R R NR 
Total Land Susceptible NR NR NR 
Corn Acres Damaged in 1976 NR NR NR 
Corn Acres Replanted in 1976 NR NR NR 
Yield Loss, Not Replanted 1976 NR NR NR 
Yield Loss, Replanted 1976 R 
Corn Acres Damaged 1977 R R R 
Corn Acres Replanted 1977 R R NR 
Yield Loss, Not Replanted 1977 NR NR NR 
Yield Loss, Replanted 1977 NR NR NR 
Corn Acres Damaged 1978 R R R 
Corn Acres Replanted 1978 NR NR NR 
Yield Loss, Not Replanted 1978 NR NR NR 
Yield Loss, Replanted 1978 NR NR NR 
Corn Plant Population R R R 
Corn Stand Loss 1978 NR NR R 
Short Term Debt R R R 
Long Term Debt R R R 
Net Worth R R R 
H :1=2 refers to null hypothesis that the mean of group 1 mean of 
0 
group 2, etc. All tests at a = .05. R= H rejected; NR H not 
0 0 
rejected. 
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Damage 
For the total group, only 24 farmers reported corn damage by cutworms in 
1976, with an average of 17.5 acres per farm. However in 1977, 45 farmers 
reported an average of 56.4 acres damaged and in 1978, 84 farmers reported an 
average of 62.2 acres damaged. 
In 1976, the acres of corn damaged among the three groups were not signi-
ficantly different. In 1977 and 1978 they were different. Non~users with 
problems had the most with an average of 75.1 acres in 1978 and the heptachlor 
users had the largest acreage damaged in 1977 with an average of 93.4 acres. 
This may help explain why the latter enrolled in the restricted heptachlor use 
program in 1978. Acres damaged on the farms of non-users with no problems were 
relatively constant over the three-year period with an average of 10-12 acres. 
Losses 
In 1976, the average reported yield loss was 26.5 bu/acre on damaged acres 
not replanted. An average of 3.0 acres per farm was replanted. In 1977, an 
average of 17.2 acres was replanted with the heptachlor users replanting signi-
ficantly more than the other two groups. The average loss for acres not 
replanted in 1977 for all farmers surveyed was 25.85 bu/acre with no significant 
difference among group means. The group means for yield loss on acres replanted 
in 1977 were not significantly different -- non-users with problems reported an 
average of 21.3 bu/acre loss, heptachlor users reported an average of 18.4 bu/acre 
loss and non-users with no problems reported an average of 5.0 bu/acre loss. 
Acreage replanted per farm was 22.4 acres in 1978. Heptachlor users 
replanted significantly more (32.0 acres) than either non-user group, Non-users 
with problems reported replanting an average of 15.0 acres per farm (down from 
1977) while non-users without problems reported none replanted. 
Yield losses on acres not replanted were up from 1977 to an average of 
27.5 bu/acre in 1978 with no significant difference between groups, In fact, 
the non-users with no problems reported the highest per acre yield loss of 
34.0 bushels. Estimated yield loss on acres replanted in 1978 was less than in 
1977, 14.0 bu/acre. 
One interesting note, Table 1 shows that from 1976 to 1978 the numbers of 
farmers answering damage questions regarding cutworms increased. This may have 
been due to a better recall and the data may be biased due to this. However, 
a Department of Entomology survey for 1977-79 showed 1977 and 1978 to be years 
of very high cutworm damage with damage in 1979 down somewhat from 1978. 
The corn plant population for the farms surveyed averaged 19,261 plants 
per acre. Heptachlor users had the highest desired stand, non-users with 
problems were next and non.-users without problems had the lowest desired stand 
at 18,757. The average stand reduction due to cutworms was 25.9 percent with 
no significant difference for heptachlor users and non-users with problems. 
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However, non-users with problems reported a significantly larger stand loss than 
the non-users with no problems. A simple regression analysis of yield loss as 
a function of stand loss indicated that the farmers may have used a rule of 
thumb of one bu/acre loss per 1 percent stand loss. 
Debt Situation 
The average non-real estate debt of 139 farmers responding was $28,054. 
The difference between the three groups was significant. The pattern was that 
heptachlor users owed the most ($40,200) and the non-users without problems, 
the least ($7,255). 
Average real estate or long-term debt was $46,292. The differences 
between groups was striking. Heptachlor users owed an average of $92,000, 
non-users with problems, $36,590, and non-users without problems, $10,858. 
The average net worth was $319,346 and the differences between groups 
were small but statistically significant~ The data in Table 1 show that there 
was considerable variation in net worth totals. 
The financial data show that the heptachlor users were the most highly 
leveraged financially of the three groups. It could be argued that this was 
not only a factor in their participation in the program, but also may have 
affected their perception of the extent and magnitude of their losses due to 
cutworms. 
SUMMARY 
From the survey of the items discussed above, it appears that the different 
groups of farmers were truly different. Age and education can be important in 
the farmer's willingness to participate in a program such as the Missouri 
Restricted Heptachlor Use Program which requires some Hred tape" and dealing with 
regulatory officials. These differences may also be important in shaping the 
farmer's perception of the problem. Such skills as pest identification, damage 
assessment and knowing what to do in response to cutworm infestations may be 
associated with younger and/or better farmers. 
It seems clear that 1978 was a worse year for cutworm damage in Missouri 
than either 1976 or 1977. This survey supports that view with nearly half of 
the farmers surveyed reporting some damage to corn in 1978. 
It appears that financial differences in liabilities-to-asset ratios 
may be important in the farmerts perception of insect problems and the means 
used to deal with perceived prob1ems l The heptachlor users were much more 
vulnerable to financial difficulties in the form of cash flow problems than the 
other farmers surveyed. 
11 
SOIL ANALYSIS 
A soil sample was collected from each of the 169 farms in the survey and 
an elemental analysis was conducted along with analysis for pH and organic 
matter (Table 3). 
Due to a large- standard deviation within groups and a relatively small 
sample size, no significant difference could be demonstrated between sample 
groups. However, several trends in soil analysis were apparent in this study, 
and could warrent further investigation. The average levels of K, P, Mg, and 
Ca tended to be higher in those fields with cutworm problems than those fields 
suffering no cutworm damage. No noticeable trends were discovered in the other 
categories analyzed. 
TABLE 3 
Soil Analysis for Group Participants in Missouri Restricted 
Heptachlor Use Program Survey 1978 
Personal Profilel Heptachlor Users2 Non-Users/Problem Fields3 
5 
+ S.D. n x n x + S.D. n x + S.D. 
-
-
-
P _ 16 
1bs P205/A 161 185.1 120.84 58 221.4 130.05 52 193.7 114.53 
pH 161 6.9 0.62 58 6.9 0.67 52 7.0 0.53 
w 
pH 161 6.3 0.67 58 6.4 0.61 52 6.4 0.77 
s 
OM % 161 2.5 0.78 58 2.6 0.86 52 2.6 0.68 
7 NA meq/100g 161 1.4 1.17 58 1.3 1.27 52 1.2 0.90 
PII8 
1bs P205/A 161 334.0 170.87 58 403.2 173.10 52 310.7 154.50 
Ca 1bs/A 161 4994.5 1698.41 58 5529.8 1993.50 52 5055.2 1487.17 
Mg 1bs/A 161 593.5 300.66 58 677.0 369.49 52 563.2 
K 1bs/A 161 431.6 228.80 58 499.2 263.45 52 428.1 
Na 1bs/A 143 115.2 24.97 53 112.0 23.81 47 123.3 
Footnotes: 
1/ Mean of all participants. 
1/ Participants that pap1ied heptachlor to obtain cutworm control. 
1/ Participants that did not apply heptachlor and had cutworm problems on their field. 
i/ Participants that did not apply heptachlor and had no cutworm problems. 
l/ Number of respondents. 
~/ Bray 1 extractant (weak, 0.025 N HCI). 
I/ Neutra1izab1e acidity (meq/100g. soil). 
~/ Bray II extractant (strong, 0.1 N HCI). 
244.59 
210.47 
24.60 
Non-Users/No Problem Fields4 
n x + S.D. 
-
51 135.0 99.49 
51 6.7 0.64 
51 6.2 0.62 
51 2.4 0.76 
51 1.6 1.28 
51 279.0 160.32 
51 4323.7 1284.22 
51 529.5 243.66 
51 358.1 179.95 
43 110.2 25.15 
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WEED COVERAGE 
The percent cover of weeds in both the fall and spring was estimated for 
participants in the survey (Tables 4 and 5). All fields were sampled in the 
fall, but during the spring many fields were either too wet or tillage operations 
were started before the survey could be conducted. The cover of each weed 
species was calculated by estimating the percent cover of each weed inside 
24 ft. 2 diameter circles (0.01 acre). Weeds in fields of 60 acres or less were 
randomly sampled with five circles each, while fields with more than 60 acres 
were randomly sampled with ten circles each. Cover estimates and a corresponding 
rating range were placed into one of the following: 
Weed Coverage 
1%, weeds sparse 
1%, weeds plentiful 
1-5% cover 
6-25% cover 
26-50% cover 
51-75% cover 
76-100% cover 
Rating Range 
0.0 ~ 1.0 
1.1 - 2.0 
2.1 - 3.0 
3.1 - 4.0 
4.1 - 5.0 
5.1 - 6.0 
6,1 - 7.0 
Thirty weed species in the fall and 31 weed species in the spring were 
present in the sampled fields. During the fall, giant foxtail, morning glory, 
redroot pigweed, smartweed, and velvetleaf had higher average field ratings in 
problem fields compared to no-problem fields~ Panicgrass, prickly sida, and 
field bindweed had higher average field ratings in no-problem fields. In the 
spring, common ragweed and smartweed had higher average field ratings in problem 
fields, whereas peppergrass had higher average field ratings in no problem fields. 
The differences in both the fall and spring were very small, indicating cutworm 
problems were not strongly associated with specific weed species, 
--
Weed 
Barnyard Grass 
Crabgrass 
Foxtail, Giant 
Foxtail, Grn. & Yel. 
Goosegrass 
Panicgrass 
Shattercane 
Johnsongrass 
Yellow Nutgrass 
Cocklebur 
Jerusalem Artichoke 
Jimson Weed 
Lambsquarter 
Morning Glory 
Pigweed, Prostrate 
Pigweed, Redroot 
Ragweed, Common 
Ragweed, Giant 
Sida, Prickly 
Smartweed 
Table No.4 - Fall Weed Data for Group Participants in Missouri Restricted 
Heptachlor Use Program Survey 1978 
Personal Profile1 HeEtachlor Users 2 Non-Users/Problem Fields3 
Av. Field6 5 Av. Field Av. Field 
n Rating S.D. n Rating S.D. n Rating S.D. 
7 1.3 1.60 3 0.8 0.51 3 2.1 2.39 
6 2.2 1.19 0 - - 3 2.1 1.80 
37 1.8 1.50 13 2.1 1.87 14 2.0 1.42 
16 0.8 0.52 5 0.7 0.48 5 0.8 0.38 
2 0.5 0.14 0 - - 0 - -
25 2.4 2.17 9 2.1 1.96 7 1.8 1.84 
8 1.4 1.12 1 0.3 
-
5 1.9 1.12 
1 1.0 - 0 - - 1 l.u -
1 1.0 - 0 - - 1 1.0 -
7 1.1 0.96 1 1.6 0 3 1.1 1,50 
° 
... ... 0 -
-
0 
-
.... 
0 ,.. P- O ... ... 0 .... .-
2 0,2 0,00 0 
-
... 2 0.2 0,00 
7 0,9 0,54 3 1,3 0.42 3 0.8 0.49 
7 0.9 0.50 4 1.1 0.53 0 - -
14 2.1 1.28 3 2.9 1.62 6 2.0 0.94 
1 0.2 - 0 - - 0 - -
0 - - 0 - - 0 - -
8 1.1 0.91 2 0.8 0.91 3 0.8 0.91 
5 1.8 1.79 2 0.9 0.78 2 0.9 0.78 
Non-Users/ 4 
No Problems Fields 
Av~ Field 
·n Rating S.D. 
1 0.6 -
3 2.3 0.50 
10 1.2 0.98 
6 0.8 0.72 
2 0.5 0.14 
9 3.0 2.66 
2 0.9 0.99 
0 - -
0 - -
3 1.1 0.61 
0 - .-
0 - -
0 po ... 
1 0.2 -
3 0.7 0.46 
5 1.6 1.48 
1 0.2 -
0 - -
3 1.7 1.10 
1 0.6 -
(cont 'd.) 
Table 4. (cont'd,) 
Personal Profilel HeEtachlor Users 2 Non-Users/Problem Fields3 Weed 
n 5 
Av. Field6 Av. Field Av. Field 
Rating S.D. n Rating S.D. n Rating 
Sunflower, Common 7 1.1 0.83 2 1.9 1.27 2 1.0 
Velvet Leaf 15 1.2 0.71 9 1.1 0.8~ 5 1.5 
Bind weed, Field 3 1.2 1.06 1 0.8 - 1 0.4 
Bindweed, Hedge 2 0.2 0.00 0 - - 1 0.2 
Dock, Curled & Smooth 1 1.8 - 1 1.8 - 0 -
Dogbane (Indian Hemp) 7 0.9 0.76 3 0.6 0.57 2 1.1 
Ground Cherry 12 0.9 0.58 6 1.2 0.43 2 0.5 
Horse Nettle 12 1.2 0.98 3 1.1 0.46 2 0.8 
Milkweed, Climbing 3 0.4 0.35 0 - - 1 0.2 
Milkweed, Common 3 0.5 0.30 0 - - 2 0.7 
------ ---- ----- --- ~- ---
Footnotes: 
1 Mean of all participants 
2 Participants that applied heptachlor to obtain cutworm control 
3 Participants that did not apply heptachlor and had cutworm problems on their farm 
4 Participants that did not apply heptachlor and had no cutworm problems 
5 Number of respondents 
6 Rating Range Weed Coverage 
1 0.0-1.0 
2 1.1-2.0 
3 2.1-3.0 
4 3.1-4.0 
5 4.1-5.0 
6 5.1-6.0 
7 6.1-7.0 
Weed sparse; coverage less than 1% 
Weed plentiful; coverage small, less than 1% 
Weed coverage 1-5% 
Weed coverage 6-25% 
Weed coverage 26-50% 
Weed coverage 51-75% 
Weed coverage 76-100% 
S.D. 
0.49 
0.41 
-
-
-
0.99 
0.14 
0.21 
-
0.21 
Non-Users/ 4 
No Problem Fields 
Av. Field 
n Rating S.D. 
3 0.7 0.42 
1 0.6 -
1 2.4 -
1 0.2 -
0 - -
2 1.2 1.13 
4 0.5 0.62 
7 1.3 1.27 
2 0.5 0.42 
1 0.2 -
Table No.5 - Spring Weed Data for Group Participants in Missouri Restricted 
Heptachlor Use Program Survey 1978 
Personal Profi1e1 Heptachlor Users 2 Non-Users/Problem Fields3 
Non-Users/ 4 
No Problem Fields Weed 
n 5 
Av. Field Av. Field Av. Field Av. Field 
Rating S.D. n Rating S.D. n Rating S.D. n Rat inK S.D. 
Crabgrass 3 0.2 0.00 I 0 2 0.2 0.00 1 0.2 
Giant foxtail 10 1.9 1.32 3 2.1 1.45 4 1.4 2.91 0 2.5 1.86 
Foxtail, gr. & yel. 1 0.6 0 1 0.6 0 
Mouse tail 6 0.8 0.37 1 0.8 3 0.9 0.42 2 0.8 0.57 
Panic Grass 7 0.7 0.40 1 0.8 3 0.4 0.20 3 0.9 0.50 
Thistle 3 0.9 0.99 0 2 1.1 1.27 1 0.4 
Yellow rocket 2 2.4 0.57 0 1 2.0 1 2.8 
Pepper grass 11 1.6 1.85 3 0.7 0.31 5 1.5 0.64 3 2.5 3.70 
Cocklebur 8 1.1 0.71 2 0.7 0.71 3 1.1 0.61 3 1.4 0.92 
Shepardspurse 2 0.8 0.57 0 0 2 0.8 0.57 
Jimson Weed 2 0.4 0.00 0 2 2 0.4 0.00 
Lambsquarter 9 1.2 1.07 2 3.0 0.28 3 0.6 2.40 4 0.8 0.43 
Morning glory 2 0.2 0.00 1 0.2 0 1 0.2 
Sow thistle 4 0.6 0.19 1 0.6 2 0.4 0.00 1 0.8 
Pigweed, red root 1 0.4 0 0 1 0.4 
Ragweed, common 8 1.6 0.80 1 2.0 3 1.9 0.42 4 1.3 1.05 
Ragweed, giant 6 0.4 0.32 1 0.2 2 0.6 0.57 3 0.3 0.12 
Sida, prickley 3 0.3 0.12 0 2 0.2 0.00 1 0.4 
Smartweed 10 1.1 1.02 3 1.9 1.51 5 0.8 0.66 2 0.8 0.57 
Sunflower 1 0.8 1 0.8 0 0 0 0 
(cont'd.) 
Table 5. (cont'd.) 
Personal Profilel Heptachlor Users 2 Non-Users/Problem Fields3 Weed 
5 Av. Field Avo Field 
No. Rat in No 
Velvet Leaf 7 0.7 0.40 3 0.7 0~231 2 0.5 
Bindweed, field 2 0.7 0.14 0 1 0.6 
Yellow wood sorrel 4 1.0 0.44 0 2 0.8 
Dock 4 0.8 0.41 2 0.7 0.42 2 0,8 
2 1.5 
j 
Dogbane (Indian hemp) 0.14 0 I 
0 
Chickweed 2 0.7 0.42 0 1 1,0 
Horse nettle 5 0.6 0.37 0 3 0,3 
Milkweed, climbing 0 0 0 
Milkweed, common 5 0.5 0.36 1 1.0 0 1 0.2 
Corn 1 0.6 0 I 0 
Spurge 11 1.6 1,60 3 1.5 1.29 I 3 2,3 
Footnotes; 
lMean of all participants 
2participants tbat applied heptachlor to obtain cutworm control 
3participants that did not apply heptachlor and had cutworm problems on their farm 
4participants that did not apply heptachlor and had no cutworm problems 
5 Number of respondents 
6Rating Range 
1 0.0-1.0 
2 1,1 .... 2.0 
3 2tl .... 3~O 
4 3,1 ... 4.0 
5 4.1-5.0 
6 5.1-6.0 
7 6.1-7.0 
Weed Coverage 
Weed sparse; coverage less than 1% 
Weed plentiful; coverage small, less than 1% 
Weed coverage 1-5% 
Weed coverage 6.-25% 
Weed coverage 26-50% 
Weed coverage 51-75% 
Weed coverage 76-100% 
S.D. 
0.14 
0.57 
0.57 
0.12 
2,69 
Non-Users/ 4 
No Problem Fields 
Av. Field 
No. Ratin 
2 0.8 0.85 
1 0.8 
2 1.1 0.42 
0 
2 1.5 0.14 
1 0.4 
2 1.0 0.00 
0 
3 0.5 0.31 
1 0,6 
5 1.3 1.19 
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COST OF CUTWORMS 
From the data gathered, it was possible to develop good estimates of damage 
from cutworms and cost of chemical control only for 1978. As Table 1 shows, data 
on acreS damaged, yield losses on acres not replanted and yield loss on acres 
replanted were gathered for 1976, 1977 and 1978. However, only in 1978 were the 
responses on yield losses numerous enough to provide a good estimate of the 
production lost due to cutworms. 
Data were also gathered on the use of chemicals by the farmers for 1976, 1977 
and 1978. They reported the compounds used, rates of application, acres treated 
and the type of application whether preplant incorporated at planting time, post 
emergence or rescue. These data are summarized in Tables 6, 7, 8 and 9. The 
information from Tables 1, 6, 7, 8 and 9 was used as a basis for analyses of the 
control cost, yield losses and replanting costs for each group. 
Since insect problems result in costs to the farm business, the cost of 
cutworms was developed from the sample survey on the basis of cost per acre of 
corn planted rather than on the basis of the acres damaged~ This provides a 
better measure of the impact of cutworms on the cost of producing corn than the 
analysis of the cost per acre damaged since seldom, if ever, does a farmer exper-
ience economic damage from cutworms on 100 percent of the acres gTOwn. 
The acres of corn grown by the farmers surveyed in 1978 were as follows: 
Group 1 
Group 2 
Group 3 
13,458 
7,763 
3,708 
The total losses due to cutworms (losses on acres not replanted and losses on 
acres replanted) plus the total costs of chemical control for each group plus the 
costs of replanting were divided by the corn acreages for each group to arrive at 
an average total cost per acre of corn grown for each group. 
To estimate cost of replanting, costs were taken from a budget for Missouri 
corn production in northwest Missouri developed by the Economics, Statistics 
and Cooperative Service of the U.S. Department of Agriculture for 1977 and pub-
lished Nqvember 8, 1978. The estimate of per aCTe replanting .costs were as 
follows~l ~ 
Seed 
Labor 
Item 
Tractor fuel & lube cost 
Equip. fuel & lube cost 
TOTAL 
Per Acre Cost 
$10.14 
2.25 
1.21 
0.07 
13.67 
!!..../See "Corn for Grain-Missouri.-Area 100" Firm Enterprise Data System (FEDS) 
budget for 1977 dated 8 Nov. 1978, Economics, Statistics and Cooperative Service, 
U.S. Dept. of Agriculture and Oklahoma State University, Stillwater, Oklahoma. 
TABLE 6 
CORN ACRES TREATED, QUANTITIES OF SELECTED 
CUTWORM INSECTICIDES * APPLIED AND COST OF CHEMICALS AND 
APPLICATION FOR PARTICIPANTS IN RESTRICTED HEPTACHLOR USE PROGRAM 
MISSOURI 1978** 
Product 
Name 
Prep1ant Plant Post Emerge Rescue Total Total Price Per Total 
acres 1bs or 
gal 
acres lbs or 
gal 
acres lbs or acres lbs or acres 1bs or 
gal 
1b or gal Cost 
Belt 
Heptachlor 
Lorsban l5G 
Lorsban 4EC 
Mocap 
Sevin 
Toxaphene 
Total 
Application 
cost/acre 
Total Appli-
105 945 lbs 
2175 21750 lbs 
30 15 gal 
2310 
$1.26 
cation Cost $2910 
Source: 
990 6831 lbs 
3108 33255 lbs 
60 420 lbs 
150 1050 lbs 
565 2638 lbs 
4873 
$1.26 
$6140 
gal gal 
280 2520 lbs 
285 2850 lbs 
302 2144 1bs 
723 217 gal 
15 7.5 gal 10 5 gal 
580 1035 
$2.00 $2.50 
$1160 $2587 
1375 10296 lbs $1.50/1b 
5568 57855 lbs 
362 2534 lbs 
0.90/lb 
0.96/lb 
723 217 gal 31.50/ga1 
150 1050 1bs 0.60/1b 
565 2638 lbs 1.92/lb 
55 27.5 gal 7.99/ga1 
8798 
TOTAL COST OF CHEMICALS PLUS APPLICATION 
*Reference to brand names does not constitute endorsement by the University of Missouri. 
**Quantities used and acres treated are based on data from 1978 survey of Missouri corn farmers by UMC 
Entomology Department. 
Chemical prices based on quotes by Missouri retailers. 
Application costs based on University of Missouri Science and Technology Guide No. 302 "Custom Rates 
for Farm Services in Missouri", Revised 3/15/79. 
$15444 
52070 
2432 
6832 
630 
5066 
220 
$82694 
$12797 
$95491 
TABLE 7 
CORN ACRES TREATED, QUANTITIES APPLIED, 
COST OF CHEMICALS AND APPLICATION COST OF 
SELECTED CUTWORM INSECTICIDES* FOR FARMERS WITH CUTWOID1 PROBLEMS 
MISSOURI 1978** 
Product 
Name 
Preplant Plant Post Emerge Rescue Total Total Price Per Total 
acres lbs or 
gal 
acres lbs or 
gal 
acres lbs or 
gal 
acres lbs or 
gal 
acres lbs or 
gal 
lb or gal Cost 
Heptachlor 220 1430 lbs 114 912 lbs 
Lorsban l5G 
37 370 lbs 
285 1995 1bs 
371 2712 lbs 
285 1995 lbs 
$0.90/lb 
0.96/lb 
Lorsban 4EC 67 20.8 lbs 407 105.8 gal 474 126.6 gal 3l.50/gal 
Mocap 474 2939 1bs 474 2939 lbs 0.60/lb 
Sevin 22 55 lbs 22 55 1bs 1.92 1b 
Toxaphene 85 42.5 gal 152 83.6 lbs 265 132.5 gal 502 258.6 gal 7.94/gal 
Total 
Application 
Cost/acre 
Total Appli-
cation Cost 
Source: 
220 673 
$1.26 $1.26 
$277 $848 
278 957 2128 
$2.00 $2.50 --
$556 $2393 
TOTAL COST OF CHEMICALS PLUS APPLICATION 
*Reference to brand names does not constitute endorsement by the University of Missouri. 
**Quantities used and acres treated based on data from 1978 survey of Missouri corn farmers. 
Chemical prices based on quotes by Hissouri retailers. 
Application costs based on University of Missouri Science and Technology Guide No. 302 "Custom Rates 
for Farm Services in Missouri", Revised 3/15/79. 
Problem farmers fefers to farmers in the survey with self identified cutworm problems, but were not 
participants in the Restricted Heptachlor Program. 
$2441 
1915 
3987 
1763 
106 
2066 
$12278 
$4074 
$16352 
TABLE 8 
CORN ACRES TREATED, QUANTITIES APPLIED, 
COST OF CHEMICALS AND APPLICATION COSTS OF 
SELECTED CUTWORM INSECTICIDES* FOR FARMERS WITHOUT CUTWORM PROBLEMS 
MISSOURI 1978** 
Product 
Name 
Preplant Plant Post Emerge Rescue Total Total Price Per Total 
acres Ibs or 
gal 
acres lbs or 
gal 
acres lbs or 
gal 
acres 1bs 'or 
gal 
acres 1bs or 
gal 
lb or gal Cost 
EPN 
Parathion 
Lorsban l5G 
Mocap 
Sevin 
Toxaphene 
Total 
Application 
Cost/acre 
Total Appli-
cation Cost 
Source: 
260 1820 1bs 
55 385 1bs 77 
3 
315 80 
$1.26 $2.00 
$397 $160 
268 2680 lbs 268 2680 lbs $0.14/lb 
110 55 lbs 110 55 lbs 2.60/lb 
260 1820 1bs 0.96 1b 
539 1bs 132 924 lbs 0.60/lb 
51 128 lbs 51 128 1bs 1.92/lb 
4 gal 177 88.5 gal 177 92.5 gal 7.99/lb 
606 998 
$2.50 
$1515 
TOTAL COST OF CHEMICALS PLUS APPLICATION 
*Reference to brand names does not constitute endorsement by the University of Missouri. 
**Quantities used and acres treated based on data from 1978 survey of Missouri corn farmers by UMC 
Entomology Department. 
Chemical prices based on quotes by Missouri retailers. 
$375 
143 
1747 
554 
245 
739 
$3803 
$2072 
$5875 
Application costs based on University of Missouri Science and Technology Guide No. 302 "Custom Rates for 
Farm Services in Missouri", Revised 3/15/79. 
TABLE 9 
ACRES TREATED WITH CORN INSECTICIDES* 
NOT LABELED FOR CUTWORM CONTROL BY TYPE OF 
APPLICATION AND FARNER GROUP HISSOURI 1978** 
ACRES TREATED 
PREPLANT PLANT POSTMERGE RESCUE TOTAL 
GROUP 1*** 
Counter 1576 
Dasanit 140 
Dyfonate 390 180 250 
Furadan 1725 400 
Thimet 1070 425 
GROUP 2 
Counter 35 450 
Dyfonate 740 200 
Furadan 1099 50 
Thimet 370 
GROUP 3 
Counter 432 268 
Dyfonate 45 615 77 
Furadan 45 595 
Thirnet 35 268 
Source: 
*Reference to brand names does not constitute endorsement by the 
University of Missouri. 
1576 
140 
820 
2125 
1495 
450 
940 
1184 
370 
700 
737 
640 
303 
**Data based on 1978 surv'ey of Missouri corn farmers by UMC Entomology 
Department. 
***Group 1, 2, and 3 refer to (a) farmers in restricted heptachlor 
programs, (b) farmers not in program with self identified cutworm 
problems, and (c) farmers not in program who by their judgment had 
no cutworm problem, respectively. 
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Using the estimated cost of $13.67 per acre and the farmers' estimates of 
acres replanted, total replanting costs were computed. 
Table 10 summarizes the amounts of corn estimated lost by the farmers of 
each group by source of loss, whether replanting or on acres not replanted. 
The farmers' estimates of acres replanted are also included in Table 10. 
Table 11 summarizes the annual costs of cutworms for the 169 farmers sur-
veyed. The estimated cost of cutworms per acre of corn grown was $15.92, $19.74 
and $2.59 for Group 1, 2 and 3 respectively. Valuing corn at $2.06 per bushel, 
the values represent about 8, 9.5 and 1.25 bushels, respectively, of corn per 
acre of corn grown. 
It is clearly shown in Table 11 that Group 3 had virtually no problem with 
cutworms, while Groups 1 and 2 had problems. Group 1, while participating in the 
Restricted Heptachlor Use Program and spending $7.09 per acre of corn grown on 
chemical control directed at cutworms, suffered damage valued at $8.17 per 
acre. Group 2 spent only $2.10 per acre of corn grown on chemical control 
directed at cutworms, but realized losses in production valued at $17.15 per acre. 
Group 1 collectively spent $52,070 on heptachlor material plus $7,227 for 
heptachlor application for a total of $59,297. This amounted to $4.41 per acre 
of corn grown. Group 2 collectively spent $2,441 on heptachlor material plus 
$495 for heptachlor application for a total of $2,936. This amounted to $0.37 
per acre of corn grown. The difference is about $4.00 per acre. If one attributes 
the difference in corn lost between the two groups to heptachlor, about $9.00 per 
acre of corn grown, it may be concluded that the benefit~cost ratio for heptachlor 
use was 9.00/4.00 = $2.25 for $1 spent. Whether one can attribute all of this 
difference to heptachlor of course is an unanswered question since the nature and 
severity of the infestations may have been very different and the use of heptachlor 
may not have reduced the damages by that much for Group 2. At the same time, it 
could be that given the highly leveraged financial position of Group 1, that the 
use of less heptachlor by them would not have increased their damages, since they 
may have treated more acres than were really susceptible to cutworms as an insurance 
strategy. 
SUMMARY 
Analysis of the data provided by the 169 farmers surveyed showed that those 
participating in the Restricted Heptachlor Use Program had lower costs for cutworm 
damage per acre of corn grown compared to fanners with problems who did not parti-
cipate (19% or $3.82 per acre), Restricted Heptachlor Use Program participants 
spent more on cutworm insecticides and had lower production losses per acre of 
corn grown. The farmers who said they had no problems experienced very low 
losses from cutworms. The analysis suggests that heptachlor use was economically 
benefic~a1 for those farmers who used it. 
ITEM 
Corn lost due 
to replanting 
Corn lost on 
acres not replanted 
TOTAL CORN LOST 
TOTAL ACRES 
REPLANTED 
Source: 
TABLE 10 
TOTAL CORN LOST DUE TO CUTWORMS 
AND ACRES REPLANTED BY 169 FARMERS 
:HISSOURI 1978* 
GROUP 1* GROUP 2* 
15,880 bu 2,717 bu 
37,548 bu 61,949 bu 
53,428 bu 64,666 bu 
640 ac 277 ac 
*Survey of Missouri corn farmers in 1978 by liMC Entomology 
Department 
GROUP 3''': 
0 
J.817 bu 
1817 bu 
o 
**Group 1, 2, and 3 refer to (a) farmers in restricted heptachlor 
program, (b) farmers not in the program with self identified 
cutworm problems, and (c) farmers not in program who by their 
judgment had no cutworm problem respectively. 
TABLE 11 
ANNUAL COST OF CUTWORMS 
FOR 169 FARMS AND PER ACRE CORN GROWN 
COMPARING THREE GROUPS OF FARMERS 
MISSOURI 1978* 
GROUP 1** GROUP 2** GROUP 3** 
COST ITEM 
Cost of 
Insecticides 
Insecticides 
Application 
Sub-Total 
Cost of Chemical 
Control 
Cost of 
Replanting 
Value of Lost 
Corn Yield 
Total Cost 
of Cutworms 
Source: 
Total 
Cost ($) 
82,694 
12,797 
95,491 
8,749 
110,008 
214,248 
Cost Per 
Acre ($) 
6.14 
0.95 
7.09 
0.65 
8.17 
15.92 
Total 
Cost ($) 
12,278 
4,074 
16,352 
3,787 
133,147 
153,286 
Cost Per 
Acre ($) 
1.58 
0.52 
2.10 
0.49 
17.15 
19.74 
Total 
Cost ($) 
3,803 
2,072 
5,875 
° 
3,741 
9,616 
*1978 Survey of Missouri corn farmers by UMC Entomology Department. 
**Group 1, 2, and 3 refer to (a) farmers in restricted heptachlor 
program, (b) farmers not in the program with self identified 
cutworm problems and (c) farmers not in the program who by their 
judgement had no cutworm problem, respectively. 
Cost Per 
Acre ($) 
1.03 
0.56 
1.59 
o 
1.01 
2.59 
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CONDITIONS THAT FAVOR CUTWORMS 
FARMERS' PERCEPTIONS 
An important part of the survey was the farmers' perceptions of conditions 
that contribute to cutworm problems. The perceptions in the form of comments 
by each group are reported in Appendix 2. 
To summarize such open-ended responses is difficult. However, some responses 
were repeated and bear mention here. 
1. Several farmers observed that a late planting date (mid-Mayor later) 
seemed to be associated with problems. April planting seemed to be 
the best. 
2. Wet, cold springs were mentioned by farmers in all groups. 
3. Several farmers noted problems related to soybean pest control chemical 
residues and corn following soybeans. 
4. One farmer noted that sandy spots infested with smartweed seemed suscep-
tible to black cutworms. This is consistent with Tables 4 and 5 
showing Heptachlor users farms with much larger smartweed coverages 
than the other two groups. 
5. Several farmers believed that Furadan provided some control. 
It is hoped that these comments might serve as a source of hypotheses to guide 
future cutworm control research. 
PLANS FOR THE FUTURE 
There were questions on the survey related to the farmer's plans for the 
future and their motivation for participation in the Missouri Restricted Hepta-
chlor Use Program. These were: 
1. How will you control cutworms after 1980? 
2. Do you plan to participate in 1979? 
3. What is the most important reason for your participation or 
non-participation in the 1978 Missouri Restricted Heptachlor 
Use Program? 
The responses to these open-ended questions are reported in Appendix 3. 
The most common response to the question asking how they will control cutworms 
after 1980 was, "I don T t know." This was the most frequent response by all three 
groups. The farmers expressed a lack of confidence that other materiais will work 
and a very real sense of frustration. These responses suggest a demand in Missouri 
for an effective cutworm control program. 
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For Group 1 and Group 2, the second most frequent answer to the question 
about control after 1980 was Lorsban. While several farmers expressed skepticism 
about the effectiveness of Lorsban, they feel it will represent the best alterna-
tive after 1980. Only two responses indicated a plan to rely on a rescue treat-
ment such as toxaphene. 
In answer to the question "Do you plan to participate in 1979?", about half 
of Group 1 indicated that they would. For Group 2, only four indicated that they 
would participate in 1979. Two farmers in Group 3 indicated plans to participate 
in the program in 1979. 
Reasons for participation or non-participation were given, Those in Group 1 
who planned to re-enroll stated heptachlor was effective for them, and there was 
a lack of alternatives and protection of their investment. Those in Group 1 who 
did not plan to re-enroll felt a loss of flexibility due to the restrictions on 
the program, not that much need for it and two thought there were other materials 
that were available. 
For the non-participants in Group 2, the largest response (about half) was 
that they didn't like the restrictions. For Group 3, the overwhelming response 
was that they felt no need for heptachlor. These same reasons were used by both 
groups to justify their plans for non-participation in 1979. 
SUMMARY 
It appeared that farmers were uncertain about how they will control cutworms 
after 1980 when heptachlor would no longer be available. Further, it appeared 
that the Missouri Restricted Heptachlor Use Program was not overly popular with 
farmers mostly because of the restrictions on land use and the !'red tape" associated 
with participating. 
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SUMMARY AND CONCLUSIONS 
This study of users and non-users of heptachlor revealed that the farmers 
who participated in the Missouri Restricted Heptachlor Use Program were different 
from those who did not participate not only in their perception of their cutworm 
problem, but also in other ways. The participants appeared to be younger, better 
educated, larger farmers who were more highly leveraged financially. 
Soil and weed coverage data collected were inconclusive in explaining the 
incidence of cutworms. There seemed to be a tendency for infested fields to 
exhibit higher fertility levels in K, P, Mg, and Ca. Weed coverage data revealed 
a variety of weeds with no strong evidence to allow one to conclude that certain 
weeds may be alternate hosts. The tendency for infestation to be associated with 
higher smartweed coverage was interesting, but could be only a proxy for fertility, 
drainage or other physical or biological conditions. 
The analysis of the costs of cutworm damage for the sample farmers for 1978 
revealed that those who participated in the Missouri Restricted Heptachlor Use 
Program had lower costs than the farmers who did not participate, but had serious 
cutworm problems. Participants' costs of cutworms were 19 percent ($3.82 per acre 
of corn) less than those of non-participants with problems. A very tentative 
benefit-cost ratio for heptachlor use based on these data showed $2.25 of benefits 
for each dollar expended on heptachlor and its application. 
Farmers indicated that only about 50 percent of the 1978 participants would 
re-enroll and fewer than 10 percent of the non-participants indicated plans to 
enroll in 1979. The restrictions on the use of the land and the "red tape" 
connected with the program were the predominant reasons given to justify their 
intentions. 
Finally, farmers expressed a feeling of frustration and uncertainty about 
the future prospects of controlling cutworms in corn, They were apprehensive 
about the remaining chemical materials and receptive to new ideas concerning how 
to cope with cutworms. 
APPENDICES 
Name 
Address 
Code No. 
1. Age of Operator 
Educational level 
3. Farm Size 
Tillable land 
Appendix 1 
Missouri Heptachlor Program 
Farm Survey 
Code No. 
Missouri Heptachlor Program 
Farm Survey 
2. Number years farming 
acres 
------
Owned land acres 
Rented land acres 
------
4. If there is rented land, is the lease cropshare 
or cash ? 
-----
5. Cropping system 
ASCS No. 
Crop 
Acres in 
1978 
Yield per acre 
in 1977 
Expected 1978 Yield 
as % of 1977 
Corn 
Soybeans 
Grain 
Sorghum 
Wheat 
Hay & 
Pasture 
*Data Input Information - Begin a new card with 4 digit 
form code. 
Computer 
Code Cols. 
1 - 4 
5 - 8 
9 - 10 
11 - 14 
15 - 18 
19 - 22 
23 - 26 
27 
28 - 37 
38 - 47 
48 - 57 
58 - 67 
68 - 71 
72 - 80* 
5 - 14 
6. Do you follow a rotation? Yes 
What is it? 
-2-
No 
7. Do you have any acres that are more subject to cutworms 
than others? Yes No If yes, how many? 
8. Of the acres in No.7, how many acres are upland 
or bottomland ? 
9. Degree of severity on susceptible acres 
Land S=Severe 
(1) 
M=Moderate 
(2) 
N=Negligible 
(3) 
Upland 
Bottomland 
10. Damage to corn 
Acres Acres Est. Yld. Loss Est. Yld. Loss 
Year Damaged Replanted on Acres not on Acres 
Replanted Replanted 
bu./ac. bu. / ac. 
1976 
1977 
1978 
11. What was the desired stand on the acres of corn 
damaged but not replanted in 19781 plants 
per acre 
12. What was the estimated stand reduction on the 
acres of corn damaged but not replanted in 
1978? % 
13. How many acres of corn were replanted for reasons 
other than cutworm damage? acres 
14. If the answer to 13 is greater than zero, what were 
the reasons for replanting? ________________________ _ 
15. Other insects affecting stand or yield during the 
1978 season 
-----------------------------------------
Computer 
Code Cols. 
15 
16 - 17 
18 - 21 
22 - 24 
25 - 27 
28 
29 
30 - 41 
42 - 53 
54 - 65 
66 - 67 
68 - 70 
** 
71 - 73 
5 - 80 
5 - 80 
** Data Input Information - Begin new card with 4 digit form code. 
16. Corn Insecticides Used*** 
Acres Treated/Rate 
1976 1977 
Compound 
(5-6) PPI I PT I' POST I Rescue' PPI 1 PT I POST I Rescue (7-12)1(13-18) (19-24) I (25-30) 1(31-36) (37-42) (43-48) (49-54) 
Aldrin (01) 
Belt (02) 
Counter (03) 
Dasanit (04) 
Dyfonate (05) 
Furadan (06) 
Heptachlor (07) 
Lorsban (156)(08) 
Lorsban (4EC)(09) 
Mo Cap (10) 
Sevin (11) 
Thimet (12) 
Toxaphene (13) 
I 
PPI = Preplant Incorporated 
PT = Plant 
POST = Post Emergence 
Rescue - Rescue Treatment 
1 
; 
1 
! 
t 
f 
I 
I 
I 
t 
l 
I 
-j. 
I 
-t 
I 
i 
I 
l 
I 
I 
! 
! 
t 
I 
I 
i 
i 
i 
I 
i 
: 
i 
I 
: 
j 
! 
I. I 
I 
i 
I 
I 
I 
1978 
PPI i PT I POST 
(55-60)1 (61-66) (67-72) 
j 
I 
! 
! 
I 
I 
I 
1 
! 
i 
I 
I 
i 
I 
i 
I 
I 
J 
1 
i 
I 
1 
I 
I 
***Data input information. A separate card will be used for each compound. Enter four digit farm code on 
each card. 
I , 
I 
i 
I 
I 
I 
Rescue 
(73-78) 
~ 
I 
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17. Date of Application 
18. 
19. 
Give dates corn insecticides applied in 1978 
Compound 
From #16 
Other damage 
Acres of 
Acres of 
Acres of 
Acres of 
How will you 
Dates 
(Month and Day) 
by cutworms 
soybeans damaged acres 
sorghum damaged acres 
soybeans replanted acres 
sorghum replanted acres 
control cutworms after 1980? 
20. (For participants) \Vhat is the most important reason for 
your participation in the 1978 heptachlor program? 
21. (For participants) Do you plan to participate in 1979? 
Yes 
---
No 
---
't.Jhy or why not 
------------------------
22. (For non-participants) What was the most important 
reason why you did not participate in the heptachlor 
program? 
--------------------------------------------------
23. (For non-participants) Do you plan to participate in 1979? 
Yes 
---
No 
---
Why or why not ________________________ __ 
* Date Input Information - Begin new card with 4 digit form code. 
** Date Input Information - For questions 19 - 23 use a new card 
for each question beginning with the 4 digit form code. 
Computer 
Code 
* 
5 - 11 
12 - 18 
19 - 25 
26 - 32 
33 - 39 
40 - 42 
43 - 45 
46 - 48 
49 - 51** 
5 - 80 
5 - 80 
5 - 80 
5 - 80 
5 - 80 
24. 
25. 
26. 
27. 
-5-
Financial situation (Remember this is in strict 
confidence) 
(a) To the nearest $10,000 what is your current level 
of non-real estate debt? $ 
(b) To the nearest $10,000 what is your current level 
of real estate indebtedness? $ 
(c) To the nearest $10,000 what is your current net 
worth? $ 
Off farm investments (check if owned) 
Corporate bonds 
Common stock 
----
Municipal bonds 
Government bonds 
Urban real estate 
----
Off farm employment 
Operator No. of months 
Wife No. of months 
Child Living at Home No. of months 
Child Living at Home No. of months 
No. of months 
Do you consider yourself 
part-time farmer (00) 
full-time farmer (01) 
*Data Input Information - Begin a new card with 4 digit farm code. 
Computer 
Code 
5 - 10 
11 - 17 
17 - 24 
25 
26 
27 
28 
29 
30 - 31 
32 - 33 
34 - 35 
36 - 37 
38 - 39 
40 
Field Survey Form 
Name ____________________________________ __ 
Address ____________________________________________ _ 
1. Code II County Farmer 1. Code II 
---------- --------
2. ASCS If 
Farm II 
(left justified) 
3. Total number of separate corn fields 3. 
damaged by cutworms in 1978 Fields 
4. Corn variety: Company name 
.--------
4. a. Company name 
Hybrid No. 
5. Original planting date 
Date (Julian date) 
6. Plant population seeded 
7. Estimated % stand reduction from 
cutworms 
8. Acres infested 
9. Replanted? (Yes or No) (Circle one) 
Date Julian date 
------- -------
10. Acres replanted 
11. Insecticides applied 
a. 
b. 
12. Acres treated 
13. Bottom land = 1 or Upland 2 
(Circle one) 
b. number 
5. 
6. 
7. 
8. 
9. a. 
b. date 
10. 
11. a. 
b. 
12. 
13. 
1 2 345 
6 7 8 9 10 11 12 
13 
--14 15 
16 IT 
29 30 31 
32 
33 34 35 
36 37 3a 
--39 40 
41 42 
43 44 45 
46 
14. Soil type: Clay (C) = 1; 
Clay Loan (CL) = 2; Gumbo (G) 3; 
Loan (L) = 4; Sandy Loam (SL) 5; 
Other (Specify) 
(Circle one) 
15. Internal soil drainage: 
Good (G) l' , Moderate (M) 2' ,
Poor (P) = 3 (Circle one) 
16. Weeds: Fall - Light (L) = 1; Medium 
(M) = 2; Heavy (H) = 3 
(Circle one) 
Spring - (L) = 1, (M) = 2, 
(H) = 3 (Circle one) 
17. Common names of predominant weeds: 
a. 
b. 
c. 
18. Previous crops: 1977 
-----------
1976 
----------
1975 
---------
14. 
15. 
16. Fall 
Spring 
17. a. 
b. 
c. 
18. 1977 
1976 
1975 
19. Tillage: Fall - Moldboard (M) = 1; 19. Fall 
Chisel (C) = 2; Disk (D) 3; 
(Circle one) 
Not tilled (N) = 4 
Spring - (M) 1, (C) = 2, Spring 
(D) = 3, (N) 4. (Circle one) 
20. Fertilizer: a) Types 
Rate (If/acre) 
b) When applied 
Date (Julian date) 
21. Frequency of cutworm problems in this 
field 
20. a. Type 
Rate 
b. Applied 
21. 
22. Code # County Farmer 22. Code # 
----- -------
23. ASCS # 23. ASCS # 
----------
Farm # 
47 
48 
49 
50 
51 52 
55 56 
57 58 
59 60 
61 62 
63 
64 
--------65 66 67 68 69 70 71 72 
---73 74 75 
76 77 78 
79 80 
12345 
(left justified) 
"6"7"89" 10 11 12 
24. List any characteristics which you 24. 
feel might make this or these field(s) 
different from other fields of yours 
which did not have substantial cutworm 
infestations: 
Appendix 2 
Missouri Heptachlor Program 
Farm Survey: Comments on Questions 19-23 
Comments on question 19: 
How will you control cutworms after 1980? 
Group 1 
No. of 
Responses 
19 
14 
11 
5 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
GrouE 2 
No. of 
Responses 
15 
10 
4 
4 
4 
3 
2 
1 
1 
1 
1 
1 
1 
1 
1 
(farmers with a cutworm problem who were in the Restricted Heptachlor 
Use Program) 
Corrnnent 
Don't know; nothing effective 
Lorsban 
Whatever is available; new chemicals 
Crop rotation to wheat, soybeans 
Mocap 
Heptachlor 
Toxaphene 
Counter 
Furadan 
Depends on what is done by agriculturalists 
Must have a chemical, otherwise all soybeans and no hogs 
Pray 
Go out and shoot them 
Won't be farming in 1980 
(farmers with a cutworm problem who were not in the Restricted Heptachlor 
Use Program) 
Comment 
Don't know 
Lorsban 
Lorsban, but not satisfied 
1fuatever recommended 
New chemicals 
Whatever available 
Planting late 
No corn after 1978, changing cropping procedures 
Whatever is legal 
Do a lot of praying 
Nothing available at reasonable prices 
Replant - run luck 
Nothing if there isn't anything better to use 
Don't worry too much, crop came out fine 
New chemicals that are less toxic to environment 
Group 3 
No. of 
Responses 
16 
10 
3 
2 
2 
2 
1 
1 
1 
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(farmers without a cutworm problem who did not use Heptachlor) 
Comments 
Don't know 
No problem 
Use best chemical available 
Furadan 
Recommended chemical 
Lorsban 
Counter 
Dyfonate 
E.P.A. approved chemical 
Comments on question 20: 
(For Group 1) What is the most important reason for your participation in 
the 1978 heptachlor program? 
No. of 
Responses 
30 
5 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
Comments 
To control cutworms 
It works 
Insurance 
To raise corn 
To control rootworms 
To control wireworms 
Corn in sod ground 
To get heptachlor 
Price consideration and Farmway did all application 
work for them 
It was a mistake 
Last straw, only chance to have a stand - didn't work 
Severe damage in 1977 in adjoining fields 
Advertisements, certainly not prices, unavailability 
of others 
It works better than the new chemicals 
Only effective insecticide available 
Didn't need it 
Comments on question 21: 
(For Group 1 only) Do you plan to participate in 1979? Yes _____ No ____ _ 
Why or why not __________________________________________________________ ___ 
No of 
Responses 
28 
27 
Comments 
Yes 
No 
-3-
Comments on question 23: 
(For Groups 2 and 3) Do you plan to participate in 1979? 
Yes No Why or why not 
Group 2 
No. of 
Responses 
47 
4 
29 
4 
3 
2 
4 
Group 3 
No. of 
Responses 
36 
4 
2 
Comments 
No 
Yes 
No, too many restrictions 
No, not sure 
No, felt no need to 
No, depends on price 
Yes, if needed 
Comments 
No, no need for heptachlor 
No, due to red tape; complications 
Yes, if it was available 
Appendix 3 
Farmers' Comments on Cutworm Outbreaks 
Following is a list of comments to the above question asked at the close of each 
interview. 
Group 1 - Farmers with cutworm problems who were in 
the Restricted Heptachlor Use Program 
Wet spring, late planting. Cutworm chemicals are not normally used; this is the 
first year cutworms have been bad. 
Planting date - 10th May; from May 10th through the end of May cutworms are usually 
a problem. The cutworms generally seem to be worse the last two years due to loss 
of aldrin and heptachlor. 
Wet fall or spring, dark, high organic matter soils all have more of a cutworm 
problem. 
Cutworms were a problem after sod in 1976. The field had been in sod for about 15 
years. 
High organic matter soils that may warm up earlier in the spring, mild winter and 
soybean stubble could be factors involved. 
Soybean residue on soil surface. 
Wireworm extreme problem. 
This was the year for bugs. 
Late planting was believed to reduce c.utworm problems this year, 
Furadan was applied on 20 acres of the 25 acre field. Cutworms damage (@15%) was 
noted on the 5 acres which didn't receive furadan. 
Soil changes from dark soil to lighter soil~ cutworms in dark soil. 
If planted mid-May had cutworms, Planted early April usually no problem. 
Corn cault be grown unless treated with a cutworm chemical. 
Plant before May 1st. June was effected more. Fields after soybeans affected more. 
Later planted corn. May .... June more cutworms 
Cold, wet ground. 
Weather ~ wet and late. 
Wireworms are a major problem. 
-2-
Most reduction (40%) of field was due to rootworms and wireworms rather than 
cutworms. 
Wireworms also. 
Cutworms after sod in 1977. 
Low spot, stays wet. 
No cutworms this year. This field is susceptible to cutworms. 
In sandy spots with smartweed in the spring. 
Flatter ground. More cutworms on continuous corn. The field was tilled in the 
spring and not plowed. 
Irrigated sandy soils, cutworms worse in heavier ground. 
Twenty-six people responded, "No comment." 
Group 2 - Farmers With Cutworm Problems not in 
Restricted Heptachlor Use Program 
Wet areas were more severe, The farmer thinks it may have been army worms. Injury 
description: Plants horizontal, cut below ground~ worms, one and three~fourths 
inches long. 
Weed coverage last spr ing may have helped. This area. is in the hills five miles 
away from the predominant cutworm area. In 1977, cutworm chemicals were not used 
in the bottoms and moths may have laid eggs here that hadn't before~ 
SW slopes. Cutworms were bad on a field that had a high population of foxtail in 
1977. 
Lower ground with poor drainage~ following soybeans have been more of a problem but 
this year even high ground had cutworm problems. 
No chemical applied. Wet spring. Clay soils were worse. 
No chemical treatment. 
Late planting. 
Field slopes N and S~ cutworms were more of a problem on the north slope. In the 
past, flat ground, moderately-poorly drained (cool in spring) have had more problems. 
1977 cutworms were a problem in wet spots. 
Cool and wet spring followed by dry weather. 
Extra potassium and Furadan is thought to help tolerate cutworms. 
Wet condition good for cutworms~ 
-3-
Late planting, wet spring. 
Believe the cutworm problem is getting worse. 
Moist falls and spring. Sod in before 1975. 
In 1977, low, wet areas had cutworm problems~ These areas had soybeans the two 
preceeding years. 
1977 - Cutworms were in areas of soybean residue. 
Build-up of cutworms to an infestation. Normally cutworms are not a problem. 
Furadan seemed to help this year. 
Flat ground, drains (dark loam soil) slowly. This field tends to have more problems. 
Cold, wet spring. 
Beans last year. 
Last year soybeans, April 1-15 normal planting date~ This year late planting. 
Hard freeze last winter, soil didn't kill insects as normal. 
Twenty-three people responded, "No connnent." 
Group 3 - Farmers with Non-Problem Fields not in 
Restricted Heptachlor Use Program 
Cutworms are not a problem. 
Last year 3 acres of dark stream bottom soil had cutworms with a 65% stand 
reduction. 
Cutworms have been noticed after clover, 
Cutworms had been an occasional problem before use of aldrin or heptachlor. 
Manure application. 
Heavy wet soil. 
Rotation, late planting, warm temperatures, but cutworms are not usually a problem. 
Cutworms in 1976. 
Non-affected field, better land. 
Most fields have damage. 
Seems to be no correlation between sotl type~ area, bottom, upland, and cutworms. 
Entirely random. 
-4-
Been using chemicals for quite a few years and feels that worms are under 
control. Worms worse after late river over-flows. 
About all the same. 
High rates of Furadan (40 lbs.) prevented cutworm infestations compared to 
neighborhood farms. 
No insecticide put on. 
1965 cutworm damage-lO% of stand; alfalfa preceding year. Hilly, wooded area 
with stream along south edge of field. 
Cutworms were bad (moderate infestation, 50% stand reduction) the year after 
the field was taken out of sod (shattercane is being controlled, but is a 
weed problem). 
Farmer believed Heptachlor seed treatment, and Furadan supressed cutworms. 
More cutworms on wetter ground, cool damp weather, no cultivatio~ east slopes 
had fewer cutworm problems. 
The soil is high in clay content. 
Forty-nine people responded, "No comment." 
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